So What Does It Mean? What Ecological Effects Has the Kingston Ash Spill Caused?
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Immediately following the TVA Kingston fly ash spill, on the basis of a few hastily-collected samples several researchers ~ Fish Health and Reproduction: Sport Fish Surveys - Physiological Anomalies: Fish Population Metrics: Fish Community: Fish Species Richness
predicted calamitous effects on the aquatic ecology in the Emory, Clinch, and Tennessee Rivers as a result of . Five locations were sampled for female fish during the start of their respective breeding seasons. . Black bass population sampled at CRM 2.5 as part of TVA's Valley-Wide Monitoring Program in 2002, Field Measurements - . Fifteen 300-meter electrofishing runs and ten, e oo ' persen
bioaccumulation of ash-related constituents. - Metal bioaccumulation was analyzed in ovaries and other tissues. 2003, 2004, and 2005. . Bass populations were measured at 2 locations (CRM 2.5 and ERM 2.5) during Spring Sport Fish overnight gill net sets per site. a5 ; 5
- Batch fecundity and egg development were additional measurement endpoints. - CRM 2.5 and an additional site at ERM 2.5 sampled in 2009 and 2010. Surveys (Figure 9A-B). - - - 01 sese  3rse 35 e
. . . . . . . : . . . _ _ _ _ _ _ - Total of 5,198 fish and 38 species collected in o 35 32 pm 32 ao
This poster describes the extent of ecological effects observed during the first two years following the ash spill and - Target sample sizes were 8 or more females of 3-5 fish species (bluegill, largemouth bass, white > All bass were measured, weighed, enumerated, and visually inspected for physiological anomalies. > Pre-spill surveys conducted on the Clinch River provide a baseline for comparison. 2009; a total of 5,366 fish and 46 species 5 30 28 !
possible relationships with bioaccumulation results that are presented in a companion poster. Information is presented on crappie, channel catfish, redear suntish) . . A total of 695 and 661 black bass were collected during 2009 and 2010 surveys, respectively (Table 1). ; ggté’ﬁ?:e%f :ftEaRaI\Xaz"?f;BOorg grilegi% ir_‘r?]_faa:‘t?g‘ g_tgghwr\?_ree:‘,g:;r '”t ezr?r?z ae”rg 2(32)?-5 P collected in 2010. 3 o i
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observations of ecological effects at the cellular, organ, organism, and population levels. Results are presented on species - Selenium concentrations in fish ovaries from the Emory and Clinch Rivers were elevated in Redear + Anomalies observed in 1.3 to 2.8% of bass collected in 2009 and 2010 were lower than 2002-2005 . Lenath f hist o i1 bacs ot both locations Hlistrate oial distribut . Species richness in 2009 and 2010 similar to pre- |5 1. i
bund d di it ducti v life st ffact d ival. and oth tential loaical effect (Figure 2) but remained lower than an EPA 10 mg/kg threshold for all other fish. average of 3.7% for CRM 2.5. ength irequency histograms for largemoutn bass at both locations llfustrate typical distributions . . :
dabundance an IVEersity, reproductlive success, early lite stage efects and survival, and otner potential ecologiCcal elfects. observed for CRM 2.5 (Figures 9A-B). spill results (Figure 13A) i i
Selenium in Ovarian Tissue o GreateSt riChneSS (40) was near the aSh- 2001 2003 2005 2007 E 2009 2010
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Because selenium is a significant contaminant in fly ash that in other studies has been shown to have adverse effects on Aty 2 action level for sezessing Table 1. Spring sport fish survey of anomalies in the Emory and Clinch Rivers Spring 2009 Largemouth_ E:Ms; ;irf;r;s Spring 2010 Largemouth Bass Lengths impacted site, ERM 2.5 in 2010.
animal reproduction, particular emphasis has been placed on evaluating potential reproductive effects that could have | e e o e AveRe . — ) . A =Emory2.5 mClinch4.4 ®Clinch 1.5
di fact Iati f the affected : d thei dat 1000 {= = === == - - - i - i 50 S ERMS 7008 50 M - Differences observed were “incidental” species
cascading effects on populalions ot the ariected organisms an €I predators. 5.00 - S 4 s 40 /A\/L | with historic median catch rates of 0 to 1. Reservoir Fish Assemblage Index Scores
E s 5
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OBJECTIVES 2 e . EMORY25 | 2010 | 304 | 507 2 1 3 1 1 3 (2.6%) £ . g / . Community data evaluated with multi-metric : wERZE ORUAM MBS
E o = mass 2009 | 319 | 532 1 1 2 4(1.3%) = = W scoring method (Reservoir Fish Assemblage Index | s>~ "%
Ecosystem-wide monitoring is an ongoing process at TVA Kingston. Assessments at all levels of ecosystem organization i . . or RFA:I) developed by TVAin early 1990s as part *
offer a comprehensive way to assess whether adverse effects have occurred because of the spill. The purpose of the CLINCH25 | 2010 | 357 | 597 2 4 1 2 1 10 (2.8%) 35 7 91 131517 192123 % 3 5 7 9 111315 17 18 21 23 25 of TVA's Valley-wide Reservoir Vital Signs ® a2
e s . . . 0 Monitoring Program (Figure 13B). B
monitoring is not only to evaluate communities and populations potentially exposed to impacted areas, but also to assess 2009 | 376 62.1 6 2 1 I (24%) A Inch Group B Inch Group onitoring Program (Figure | 3B) | .
the individuals comprising these groups, individual organ and tissue health, and reproduction success, as these endpoints TN s e — 00 | 202 | 420 2 1 & 1 1 2[52%) Figure 9. Fish population assessments for differences in A) Spring 2009 and B) Spring 2010 population + RFAI scores ranged from Fair to Good; highest w32
are potential indicators of ash related effects. Reference Reference ' | 7 Reference 2004 256 42.7 5 1 I 1 14 (5.5%) length frequency histograms for largemouth bass. scores nearest spill area. Poor
Figure 2. Selenium concentrations in ovaries of bluegill, redear, largemouth b | o 0 : ! 0 ! ! " (3'80/0) Laboratory Tests - Effects of direct exposure to fly ash on fish early development: . In 2009, ERM 2.5 scored higher in number of 2] RN R oo e AR
d d d bass, and white crappie. 002 ) 3 | 18 E 3 1 r(23%) . The 7-day embryo-larval toxicity tests and long-term tests consisted of fathead minnows exposed to native species, number of benthic invertivores, and : Vetyhose
*Percent of total number of black bass collected : : : : . . -
. - . I . . impacted sediment from the Emory and filtered Emory River water from ERM 8.0. % non-native species. 12 l 1 |
a N N N I - Bluegll coI(IjecteId at the beglnpcllng Of(;[hbe 2009”breed|n_g seazofn at the Zpl'" sﬂg expl)erlegcgd I? slight delay . No differences were observed between controls and fly-ash exposed embryos (Figure 10A) during In 2010. REAI 4 individual metri 2001 2003 2005 2007 2009 2010
SUB-ORGANISM: INDIVIDUAL: POPULATION: COMMUNITY: gogyﬁer;agon?g:rgzrcveit?]t sﬁ]g;/lsifensc(elziggrgrg)a er ovaries and fewer and less developed vitellogenic short-term 7-day tests. o Sr;m”ar émong Zciz[c;rses and individual metric scores Year
SRS : ep - . . P . . . L . Preliminary results of long-term exposures indicate no effects on e roduction (Figure 10B). ' i i i i
An organism’s internal An organism within the A group of organisms of An assemblage of . Bluegill at the spill site showed an absence of a significant increase in oocyte atresia (one indicator of y 9 P 99 p (Fig ) Figure 13. Fish species A) Richness and B) Index scores
make-up Qf cells, blood, ~ area of Stydy that s the same species, | dlﬁerQnt species direct toxicity to the immature eggs), and considering the relative size-distributions of developing oocytes Selenium Concentrations in Individuals Compared with Threshold Levels: e — — Benthic Macroinvertebrate Community
enzymes, tissues, organs, interacting with the abiotic occupying a defined area Interacting with one at study s_ltes (Figure 3), sugge_sts a p_robable blc_)energetlc rath_er than direct toxicity explanation for the y E99 y No historical data exist for benthic Mean Density (+SE) of Dominant Taxa Groups
and organ systems environment around it during a specific time another reproductive delay at the spill site during the spring 2009 breeding season. Whole Body Fish = . Y B - ) vertebrat o | o
K / K / K / & / . Bluegill both upstream and downstream of the spill site showed no significant differences in the e EPA (2004) chronic criteria for selenium Selenium Concentrations in Fish s == e ) § | T macroinvertebrate communities. . Chironomids
reproduction condition at the beginning of the 2010 breeding season (data not shown). concentrations in whole-body fish is 7.91 mg/kg s é ) % o . Ten equally-spaced Ponar grabs collected across 1600
— _ __« Largemouth bass fecundity was similar among all the study sites in 2009 (Figure 4). dw (dry weight). In addition, if whole-body fish | s Ny the width of the reservoir at each site. E ]
SUB-ORGANISM Logend = ¢ A . Largemouth bass at the spill site experienced higher occurrences of atresia compared to the upstream tissue concentrations exceed 5.85 mg/kg dw ‘ | — 5 @ s Sites nearest the spill had population densities and 2 100 - 1
. Measure metal concentrations in fish reproductive organs and other tissues. S HersnEdlony: ke Pl Emory River reference site in spring 2009, however were not elevated compared to other study sites during summer or fall, fish tissue should be g 3 Threshold =0 = taxa richness similar to —and often greater than— 2 |
. Evaluate ovaries of fish for reproductive condition. | 5 conuciicocnsca LT (Figure 4). | | o | o monitored during the winter to determine whether| £ e T A ® Sample © ° R B B T the Clinch and Tennessee Rivers. 0 ] I I I I l I I I
. Measure components in blood indicative of fish kidney and gill function. | - o e s | . Largemouth bass gill and kidney health was significantly impacted downstream of the spill site selenium concentrations exceeds 7.91 mg/kg dw.| 2 . . - g o ¢ A Nt etz e e 1001 e et co ot B ook | | ‘TN i N B | 1 B |
. Measure feathers and tarsus length of tree swallows nestlings. aiisisnpi i ot i M %O (Figure 5). Bluegill were similarly impacted, however data not shown below. » No sites had concentrations exceeding these E g = . ’ Figure 10. Fish population assessments for differences in A) Mean weekly egg production per treatment + Reference site ERM 6.0 and site ERM 5.0 had the : I IHEHHE
_ _ o RS N N e Bluegill Sunfish Largemouth Bass thresholds (Figure 7). £ in long-term fathead minnow exposures and B) Results of the 7-day fathead minnow embryo-larval tests. lowest densities (Figure 14A-B). & &8 § &6 6 3|2 2
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g/le:”S(;J e T:;?lbﬁogcheer;gﬁu%gsn: d\;th())IgsﬂeSha/gzhoTIerS aannd dec%grﬁ f;?_ren;;eci th [ g | re B H e 3 ; X Bass e Clutch sizes ranged from 2-7 eggs (mean clutch size=4.33, n=155). likely result of scouring from s(torm flow events ) Hexagenia
ot regderived il g prey P S . ok : K reforonce ERM ERM ERM  ERM Average hatching success was similar among sites, ranging from 84.39% to 93.24% among the sites during 2009, which resulted in lower composition of|
J STects values. _ NG g i - i 0509 2025 3035 45 (Kruskal-Wallis, p=0.25, Figure 11). | | | | fines (silt/clay): no obvious effect at downstream 2™
. Evaluate anomalies in |nd|V|duaI_s through qurt fish surveys. o Sl :llé Um UM AN WM |, i o e There was ”’g_re|at'0”SE'P between egg selenium concentrations and hatching success (linear locations as cross-sectional area increasesupto | i
. Relate effects seen at the organism level to higher levels of organization. R T e e e e e gmie oo _ | | _ regression, r=0.002, p=0.73). | | three-fold. P
~ AR Figure 3. Bluegill Reproductive Condition. Figure 4. Largemouth Bass Reproductive Condition ‘ - \ ‘ Figure 7. Concentration of selenium from fish collected at e Nestling survival to day 15 did not differ between sites (Kruskal-Wallis, p=0.27), however, trends _ o | i i i
POPULATION ‘ e ; ‘ Note: Error bars are standard error. " Note: Exror bars are standard error. | reference areas and Emory River miles in 2009 and 2010. Suggest that the reference site had hlgher survival rates than all other sites (See Figure 12) - The mayﬂy Hexag_enla alje genera”y most 0+ o E . T T o e
« Evaluate clutch size, hatching, and fledgling success in tree swallows. L Tl L 5 0.3 Bird Eqgs « There was no relationship between day 15 nestling survival and selenium concentrations (linear abundant in the Clinch River downstream of the S EHHEEE slelz|2|35]|¢ AEAE
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. Measure reproductive success of fish in laboratory exposures to ash. o Organ Dysfunction * M BUN-gillfunction 0.25 « Eggs include: Goose, heron, osprey, and tree regression, r*=0.008, p= 0.48). Emory River and least abundant in the upper 0 T B I I & 1T B EE
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. Measure changes in sport fish population class size distributions. Tl x 02 § Seleniur rations differed (Figure 14B). B Site
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Figure 5. Health responses of Largemouth Bass. kg for bird eggs (Skorupa and Ohlendorf 1991). E ‘ x ranee nspiias | cawas vy mpacte - Differences in benthos appear to be primarily - B
Tree Swallow Health: - Only 3 tree swallow eggs had selenium SR Location related to variations in channel morphology and the HEIE
. _ concentrations within this range. A e T s N Tree swallow eggs and hatchlings. Figure 11. Hatching success of eggs at all sites, 2010 complexity of converging river systems with il
e Impacted and reference locations were sampled for 15-day Tree Swallow Feather and Tarsus Lengths - Only one tree swallow egg exceeded the E 8 § * Goose (sample size on each bar). different hydrological, physical and chemical Emory Clnch
post hatching tree swallow nestlings in 2009 and 2010 to . threshold concentration of 12 mg/kg 3’ i e characteristics. S \ ’
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